Continuous analysis of oxygen and carbon dioxide tension in the blood phase, over periods of 4-5 h, was carried out in the pulmonary artery (93 determinations in six anaesthetized dogs) and in the aorta (29 determinations in four anaesthetized dogs). Silastic-covered stainless steel catheters attached to a mass spectrometer were used. The mass spectrometer signals were linearly related to the blood-gas tensions measured by conventional analysis. The mass spectrometer signals were calibrated in vivo by exposing the animals to high and low oxygen and carbon dioxide tension. With such in vivo calibration the slopes of the straight line regressions for mass spectrometer Po 2 or Pco 2 on Po 2 or Pco 2 by conventional analysis were comprised between 0.944 and 1.031 while the standard error of the slopes were between 0.019 and 0.031. Deliberate reductions of cardiac output had little effect on the mass spectrometer readings.
The mass spectrometer is commonly used for continuous analysis of concentrations of respiratory gases. Hunter, Stacey and Hitchcock (1949) made an instrument with three fixed collectors aligned to receive nitrogen, oxygen and carbon dioxide simultaneously, thus opening the way to breath-by-breath multivariate analysis of respiratory gases. Many applications of the respiratory mass spectrometer have been reviewed by Fowler (1969) .
In 1966 Woldring, Owens and Woolford used a mass spectrometer to measure Po 2 and Pco 2 in the aorta of the cat. Hass, Siew and Yee (1968) used a mass spectrometer to measure nitrogen and nitrous oxide concentrations in man with a view to measuring cerebral blood flow. Since then a number of articles have dealt with measurement of gas tensions in the blood phase (Brantigan et al., 1970; Dardik, Dardik and Laufman, 1970; Wald et al., 1970; Brantigan, Gott and Martz, 1972; Roberts et al., 1972; Roberts, Vilinskas and Owens, 1972; Seylaz et al., 1973; Loisance and Owens, 1974; Key, 1975; Brantigan, Dunn and Albo, 1976; Lundsgaard, Groenlund and Einer-Jensen, 1978; Pinard, Seylaz and Mamo, 1978) . In most of these articles, new catheters and new types of diffusion membranes have been described and their properties evaluated in vitro or in vivo, mostly in experimental animals. Similarly, a number of articles have dealt with the application of mass spectrometery to measurement of gas tensions in various tissues (Owens, Belmusto and Woldring, 1969; Dardik, Dardik and Laufman, 1970; Brantigan, Gott and Martz, 1972; Roberts and Owens, 1972; Loisance and Owens, 1974; Wilson and MacGregor, 1976; O'Riordan et al., 1977; Seylaz and Pinard, 1978) . Again, most of the published work is concerned with the validation of new catheters and the technique does not appear to have been extensively utilized for physiological studies.
Transcutaneous measurements of blood-gases using a mass spectrometer have been reported (Mcllroy, Simbruner, Sonoda, 1978; Parker, Delpy and Reynolds, 1978) and constitute a natural development of the applications of the mass spectrometer for continuous non-invasive determinations of bloodgas tensions.
This preliminary study was undertaken to evaluate the performance, in vivo, of a commercially available mass spectrometer (Centronic MGA 200) with its blood mode attachment, including silastic-covered stainless steel catheters (Searle, Scientific Research Instrument Corp.). The experimental design was kept as simple as possible so that conclusions could be drawn on the prospective use of a mass spectrometer for continuous in vivo analysis of blood-gas tensions during physiological studies by a group of workers not primarily involved in mass spectrometry.
METHODS
Studies were carried out in 10 dogs. After induction of anaesthesia with thiopentone 15 mg kg" 1 and tracheal intubation, anaesthesia was maintained with 0.8% halothane in a gas mixture containing oxygen, nitrogen and carbon dioxide. Intermittent positive pressure ventilation was applied at constant tidal volume (40 ml kg" 1 ) and rate (12 b.p.m.) using a Penlon-Oxford ventilator. An infra-red carbon dioxide analyser (Hartmann and Braun URAS 4) sampled continuously from the airway; during the surgical procedure end-tidal Pco 2 was maintained at about 5% by adding carbon dioxide to the inspired gas mixture. The oesophageal temperature was measured with a digital thermistor thermometer and maintained within the range 36-37 °C by under- For studies of blood-gases in the pulmonary artery, a Portex umbilical cannula was inserted into the pulmonary artery through the infundibulum of the right ventricle and secured in position by a pursestring suture. The blood-gas catheter (EXBC Silastic catheter, Searle, Scientific Research Instruments Corp., Baltimore, U.S.A.), attached to the mass spectrometer (Centronic Medical Gas Analyser MGA 200, T. C. Centronic Ltd, Croydon, U.K.), was also inserted into the pulmonary artery through the infundibulum of the right ventricle and secured in position by a purse-string suture. By palpation of the vessel it was possible to check that the catheter and the umbilical cannula lay side by side in the main pulmonary artery. Six dogs were prepared in this manner.
For studies of blood-gases in the aorta, the bloodgas catheter was inserted into the abdominal aorta via the femoral artery. Four dogs were prepared in this manner.
After the surgical preparation, 1 h was allowed to elapse to obtain a steady state of the circulation and of pulmonary gas exchanges.
The haemodynamic variables (e.c.g., aortic pressure, aortic blood flow, stroke volume) were recorded on an eight-channel ink-jet recorder (ElemaSchonander Mingograph 81). The mass spectrometer signals for oxygen and carbon dioxide were recorded on a Devices hot-stylus recorder.
Blood-gas analysis
Throughout the duration of the experiment, blood samples were drawn anaerobically from the pulmonary artery or the aorta and analysed immediately for Po 2 , Pco 2 and pH. Po 2 was measured at 37 °C using Clark-type electrodes calibrated with pure nitrogen, 10% oxygen, room air or 50% oxygen in nitrogen according to the expected values, so that the calibration was for a range close to that of the blood sample. A similar principle was applied to the calibration of the Pco 2 electrode (Severinghaus-type Pco 2 electrode). Three gas mixtures delivered by Wosthoff pumps (Wosthoff OHG, Bochum, Germany) and containing 2%, 5% or 10% carbon dioxide were used. The amplifiers for the electrodes have been described by Hahn (1969 Hahn ( , 1971 . Temperature connections were applied according to Kelman and Nunn (1966) and a blood-gas difference of 1.04 was applied to Po 2 readings.
Experimental programme
For studies of blood-gases in pulmonary arterial blood, the first stage was to obtain the greatest possible tensions for oxygen and carbon dioxide by using Fi Oi 0.9 and Fi COi 0.1. The gain of the mass spectrometer was adjusted to full-scale deflection on the hot-stylus recorder. The second stage was to obtain low oxygen and carbon dioxide tensions by reducing F\ On to 0.1 and Fi COl to zero. The gain of the mass spectrometer was usually not altered unless the span of the oxygen and carbon dioxide deflections was inadequate for accurate readings. If an adjustment was necessary, the sequence was repeated. After these initial stages, Fi Oa and Fi COi were independently and randomly altered and serial readings were taken for periods of up to 5 h. After each change of the inspired gas mixture, sufficient time was allowed for the mass spectrometer signals to stabilize at their new level. Blood samples were then withdrawn and analysed while the mass spectrometer deflections were noted. In three dogs, a second series of readings was obtained after the halothane concentration had been increased from 0.8% to 1.5% in order to study the effect of a reduction of cardiac output on the mass spectrometer signals. For studies in aortic blood, the only difference was that the greatest oxygen and carbon dioxide tensions were obtained at i*i Oa 0.3 and Fi COi 0.1, otherwise the plan was identical to that described for pulmonary arterial blood.
The mass numbers used for oxygen and carbon dioxide were 32 and 44 respectively. For measurement of gas tensions in the blood phase, the automatic sensitivity control component of the MGA 200 (ASC mode) was not used since the total of the partial pressures could not be known, particularly in the mixed venous blood.
Calibration of the mass spectrometer signals
In order to calculate Po 2 and Pco 2 values from the mass spectrometer recordings, a three-point calibration line was constructed for each experiment. The three points used were the first high, low and mid-range values for respectively Po 2 and Pco 2 . From the calibration line, Po 2 and Pco 2 values were obtained for all the subsequent mass spectrometer deflections. It must be noted that during these experiments, each lasting for 4-5 h, there was no attempt to recalibrate the mass spectrometer signals.
RESULTS

Linearity of mass spectrometer responses
During each of the six experiments carried out in the pulmonary artery (mixed venous blood) a linear relationship was observed between mass spectrometer deflections for oxygen and carbon dioxide and measured Po 2 and Pco 2 obtained by conventional blood-gas analysis. Since the span was arbitrary, the slopes differed from experiment to experiment, but the standard error of the slope was always less than 5% of the slope for Pv 02 and less than 6% for Pv C02 . The correlation coefficients ranged from 
Blood-gas tensions measured by the mass spectrometer
The correlation between blood-gas tensions derived from the mass spectrometer signals and measured blood-gas tensions by conventional analysis are represented in figures 3 and 4 for studies in the pulmonary artery (93 determinations in six dogs) and in figures 5 and 6 for studies in the aorta (29 thane concentration from 0.8% to 1.5%. This caused a mean reduction of cardiac output by 33%.
Effect of alterations of cardiac output on mass spectrometer readings
The observed blood-gas values are represented in figures 7 and 8. For both Pv Os and Pv C02 the observations made at low cardiac output are interspersed with those made at high cardiac output. However, when individual slopes are considered they tend to be slightly flatter with the lower cardiac output (-0.8% for Pv Oi , -6% for Pv C02 ).
DISCUSSION
A number of authors have reported a linear response of the mass spectrometer when applied to measurements of gas tensions in the blood phase in vivo. However, the number of published paired observations (mass spectrometer v. conventional blood-gas analysis) is relatively small. Wald and colleagues (1970) have reported nine pairs of values for Po 2 in man; Seylaz and others (1974) have observed a linear correlation between mass spectrometer output and conventional blood-gas analysis in 20 rabbits. It may be that five pairs of determinations were obtained in each animal, but this is not certain. Similarly, Brantigan, Dunn and Albo (1976) refer to a study of seven dogs. In their paper there is one graph showing six pairs of values for Po 2 and Pco 2 . Some dogs may have been used only to test the formation of thrombi on the catheter. Pinard, Seylaz and Mamo (1978) The results reported here demonstrate that, for oxygen and carbon dioxide, the mass spectrometer may be used in the blood phase for continuous evaluation of blood-gas tensions because of the linearity of its response. Deliberately in this study, enough time was allowed to elapse between readings so that the catheter-mass spectrometer system had time to respond fully to the change of blood-gas tension. The experimental model does not easily allow the study of the response time of the system. From recordings of abrupt changes of oxygen or carbon dioxide concentrations, the response time appears to be of the order of 45-60 s. An in vitro calibration loop is presently being developed in order to assess the response time, the flow dependence of the system, and the accuracy of four "subtraction units" designed in order to measure oxygen, nitrous oxide, nitrogen and carbon dioxide simultaneously. This development could open the way to dynamic physiological studies of gas transport during anaesthesia.
RESUME
On a procede a l'analyse en continu de la tension de l'oxygene et du gaz carbonique dans la phase du sang, pendant des periodes allant de 4 a 5 h, a partir de l'artere pulmonaire (93 determinations sur six chiens anesthesies) et de l'aorte (29 determinations sur quatre chiens anesthesies). On a utilise pour cela des catheters en acier inoxydable recouverts de silastic, attaches a un spectrometre de masse dont les signaux ont et£ apparentes lineairement aux tensions sang-gaz mesurees par la methode d'analyse habituelle. Les 
